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In radioimmunoassays and radioassays for various constituents of serum, color quenching is a source of error when liquid-scintillation methods are used in samples that contain hemolyzed blood and samples from jaundiced patients. A quench correction can be made by using the External Standard Channels Ratio method and normalizing the ratios, or, alternatively, by chemical decolorization with tetramethylammonium hydroxide, hydrogen peroxide, and ascorbic acid. Isotopes that emit gamma or x-rays or both (e.g., 125!, 57Co, 51Cr, and 59Fe) also emit Auger electrons or beta particles or both during their radioactive decay, and these can also be counted by conventional liquid-scintillation methods-i.e., after mixing the labeled substance with a liquid scintillator (1) 
However, anything that interferes with the scintillation process prevents light from reaching the photomultiplier tube and thus decreases both the number of recorded counts and the apparent energy of the counts. This phenomenon is called quench. Impurities in the "cocktail" material cause quenching. Quenching can also result from insufficient amounts of fluor or solvent in the cocktail or from too large a sample volume. Color quenching occurs when lightabsorbing colored substances present in the sample absorb the light emitted by the scintillator before it can escape the vial and reach the photomultiplier tube.
In biological samples encountered in the clinical laboratory, color quenching is mainly attributable to light absorbance by hemoglobin and bilirubin in the specimen.
These compounds absorb highly in the same region in which fluors emit light and in which the photomultiplier tube detector is most sensitive (Figure 1 ).
The net result is that the count per minute (cpm) registered by the liquid scintillation system is decreased in relation to the activity of the sample, designated as disintegrations per minute (dpm). Hence, the efficiency of counting, as expressed by the formula (cpm/dpm) X 100 = percent efficiency, is diminished. This decrease in counts attributable to color quenching by bilirubin and hemoglobin can lead to erroneous results in radioimmunoassays, if not corrected (2) .
Cerceo and Elloso (3) reported interference by hemoglobin in digoxin radioimmunoassays when a toluene-based cocktail was used. Wien and Kumar (4) found that use of a dioxane cocktail similar to Bray's alleviated the problem of interference from hemoglobin. We found that this was because the hemoglobin is precipitated.
However, Bray's cocktail also has disadvantages-such as chemiluminescence, protein precipitation, and low efficiencies-that detract from its use in the clinical laboratory; furthermore, colorquenching by bilirubin is still a problem with Bray's cocktail.
The object of this study was to determine the extent of the quench problem in clinical radioimmunoassays and radioassays and to correct this quenching by instrumental and chemical means.
Materials and Instrumentation
The following products were used in this study: 
Experimental Procedures
Several experiments were designed to determine the extent of the problem of quenching in clinical radioimmunoassays, devise a simple instrumental method of quench correction by using normalizing iatios, determine whether it is necessary to run both hemoglobin and bilirubin quench curves, and set up a method for daily quench controls. Finally, quench correction by chemical decolorization was studied. Each experiment is reported separately below. The conclusion at the end of the paper summarizes the relative values of the instrumental and chemical methods of correcting for quench correction.
Determination of Extent of Quench Problem
Methods.
Hemoglobin quench standards were prepared that simulated the end results of a digoxin radioimmunoassay.
These ternal standardization is tedious and subject to pipetting errors and does not lend itself to larger numbers of assays or computerization.
Therefore, two alternative methods of quench correction were evaluated-instrumental methods by External Standard Channels Ratio and Chemical Decolorization. give sample disintegrations per minute. To compare the counts of the sample to the standard curve used in the assay, the percent efficiency at which the standards were counted is determined from the graph of ESCR vs. percent efficiency.
The sample dpm is multiplied by the standards efficiency/100 to give the corrected counts (cpm).
In the clinical laboratory, the absolute activity of a radioisotope having a short half-life, such as 125!, is often not known; therefore, substitution of normalizing ratios instead of percent efficiency can be useful in correcting for quench. The use of normalizing ratios instead of percent efficiency is described below.
Comparison of Percent Efficiency vs. Normalizing
Ratios to Correct for Quench
Methods.
A hemoglobin quench series for a digoxin assay was set up as follows:
To eight glass counting vials were added 0.2 ml of serum, 0.1 ml of tritiated water of known dpm, and hemoglobin control and buffer as shown in Table 1 .
After adding 10 ml scintillation fluid, capping and vortex-mixing, each sample was placed in the liquidscintillation counter to obtain sample counts and ESCR numbers. The ESCR numbers were then plotted against percent efficiency and normalizing ratio.
The normalizing ratio for each standard, plotted on the right-hand axis of Figure 4 , was determined by dividing the count of each sample by the count of the sample that contained no hemoglobin (Table 1) . whether it is necessary to run separate hemoglobin and bilirubin quench curves. 
Hemoglobin quench series was prepared similar to Table 1 for a triiodothyronine uptake radioassay as follows: to each glass vial were added 0.3 ml serum, 0.1 ml 125! solution containing about 0.02 zCi activity (44 000 dpm), 0-0.3 ml of a 10-fold dilution of Hycel hemoglobin control, and 0.3-0 ml of buffer to equalize the volumes.
After adding 15 ml of scintillation cocktail to each vial, capping and vortex-mixing, the vial was counted. From the counts, normalizing ratios were calculated and then were plotted vs. ESCR numbers (Figure 5) .
The data for the bilirubin quench curve were obtained as above except that instead of hemoglobin, 0-0.6 ml of a 15 mg/dl stock solution of bilirubin in toluene was added to the cocktail. The data are plotted in Figure 5 .
Results and conclusion. Figure 5 shows that, for this assay, the hemoglobin and bilirubin quench curves are superimposable. Because it is easier to prepare quench curves by using hemoglobin, only one set of daily quench controls (see below) is used to correct for both hemolysis and jaundice in this assay. This was also found to be true for digoxin assays.
It When jaundiced and hemolyzed samples used in the uptake tests were decolorized, expected results were obtained (Table 7) .
Conclusion
A procedure was found that completely decolorizes both hemoglobin and bilirubin without causing significant quenching or chemiluminescence. Efficiency and recoveries are good with this procedure as used with 3H and 1251 radioimmunoassays and radioassays, respectively.
The decolorizing procedure described above has the advantages of simplicity and speed. The reagents are available ready to use. All standards and samples are treated exactly alike, and no additional calculations are required.
The disadvantage is that 15 ml of scintillation cocktail must be used for counting the assay to enable incorporation of aqueous solutions.
The automatic External Standard Channels Ratio method, on the other hand, requires no special reagents, no additional bench time for adding reagents, is used to correct only the significantly quenched samples that it automatically flags, and can be applied to samples counted by the Bio-Vial method with only 4 ml of scintillation cocktail. However, the External Standard Channels Ratio Method requires daily quench controls and calculation of the normalizing ratios. These extra calculations either require more technician time and chance for error or the use of computers.
However, once familiarity with External Standard Channels Ratio is established, it is very practical, especially if calculations are incorporated as part of a computer program.
The decolorizing procedure may be preferred by laboratories that assay smaller numbers of samples.
